This study examined the effects of Korean red ginseng (KRG) on obese women and aimed to confi rm that the effects of KRG on obesity differ dependently on a gene. Fifty obese women were recruited and randomized to receive KRG (n=24) or placebo (n=26) for 8 wk. Measurements of blood pressure, height, weight, waist circumference, waist-hip ratio (WHR), total fat mass, percentage of body fat, resting metabolic rate, basal body temperature, and daily food intake (FI), blood test (serum lipid, liver and renal function), Korean version of obesity-related quality of life scale (KOQOL), and a gene examination were performed. Comparisons of subjects before and after the administration of KRG revealed signifi cant improvements of obesity in terms of weight, body mass index (BMI), WHR, FI, and KOQOL. However, in the comparison between KRG group and placebo group, only KOQOL was signifi cantly different. KRG displayed signifi cant effi cacy on BMI and KOQOL in the CT genotype of the G protein beta 3 gene, but not in the CC genotype, on blood sugar test in the Trp64/Arg genotype of the beta 3 adrenergic receptor gene, but not in Trp64/ Trp genotype, on KOQOL in the DD genotype of the angiotensin I converting enzyme gene, but not in the ID and DD genotypes. The effects of KRG on obesity were confi rmed to some extent. However, a distinct effect compared to placebo was not confi rmed. KRG is more effective for improving the secondary issues of the quality of life derived from obesity rather than having direct effects on the obesity-related anthropometric assessment and blood test indices.
INTRODUCTION
Obesity is caused by the imbalance of energy metabolism. But it is not clear whether higher intake or lower consumption is more important. Consumed energy can be roughly divided into activity energy expenditure and resting energy expenditure (REE). Furthermore, REE can be subdivided into obligatory energy expenditure, which is absolutely necessary for life conservation, and adaptive thermogenesis, which is induced by cold exposure or food intake. In addition, REE can deviate by about 25% depending on an individual's metabolism [1, 2] . Also, since REE takes up the most part of the total energy consumption, even minor differences of REE can manifest as considerable metabolic changes in the long-term, which greatly affects weight control. Thus, reduced REE may be the greatest risk factor of obesity [3] .
People with reduced REE easily become obese, even if they eat less than others do. Studies seeking to determine a genetic basis continue to be carried out. To exam-ine the correlation between obesity and heredity, in the early stage, studies on twins, adoptees and genealogy had been carried out. The collective results to date indicate that 40% to 70% of the differences of the obesity-related phenotypes are affected by heredity [4] . Recently, with the development of molecular biological technology on genes, studies aimed at determining what genes determine energy metabolism are being actively carried out.
The occurrence of gene mutants in a single base pair with a frequency of over 1%, which is relatively common, is called gene polymorphism or single nucleotide polymorphism (SNP). Forty SNPs related to obesity have been identifi ed in various studies [4] . Among them, beta 3 adrenergic receptor (ADRB3), G protein beta 3 (GNB3) and angiotensin I converting enzyme (ACE) are important genes that control REE.
Korean red ginseng (KRG) is steamed and dried ginseng [5] . KRG is effective for male impotence, prevention of relapse of stomach cancer, and possible treatment of human immunodeficiency virus-1 infection [6] [7] [8] . Also, KRG or ginseng has been proven to be very effective for improving obesity and abnormal metabolism in animal studies and clinical studies [9] [10] [11] [12] . These effects of KRG and ginseng on the treatment of obesity can be thought to be greater in the obesity caused by reduced energy metabolism. However, there have been no pharmacogenomic studies using ginseng or KRG applied to obesity and no studies related to genotype.
Therefore, this study tried to examine the effects of KRG on obese women by administrating 6 g of powdered KRG three times a day for 8 weeks and to confi rm that the effects of KRG on the improvement of obesity differed depending on the polymorphism of a gene(s) related to energy metabolism. It was assumed that if a mutation takes place in the energy metabolism-related ADRB3, GNB3, and ACE genes, the risk of the occurrence of obesity would increases and that the effects of KRG on the improvement of obesity that stimulates energy metabolism would increase.
MATERIALS AND METHODS

Study plan
This clinical study was a randomized, double-blind, placebo-controlled, single center clinical trial. It was carried out on 50 obese females in the Dongguk University Ilsan Oriental Hospital. Approval for the trial was granted by the Hospital's Institutional Review Board (approval no. SR-15).
Subject recruitment
Through posters in the hospital and advertisements on local daily news, from October 2010 through February 2011, 69 volunteers were recruited and 50 persons were selected as the fi nal subjects based on the following criteria for inclusion and exclusion (Table 1) .
Random assignment and double blind test
A randomization code was produced by a statistician, using the SAS system based on the block assignment method with a block size of 4. This randomization code was provided only to the persons in charge of the study in Korea Ginseng Corporation, and was blinded for the remainder of people concerned with the study until the termination of the study. In the order of the randomization code, the recruited patients were randomly assigned to the KRG group or the placebo group. KRG and placebo with randomization code on them were provided from Korea Ginseng Corporation and were distributed to the patients by the administrative pharmacist. To maintain the double blinding, the test medicine and the placebo were packed in the same shape capsule. To check the appropriateness of the blind test for the subjects, after the study, a self-questionnaire was carried out to ask whether they have taken real KRG or placebo.
Drug administration
The subjects assigned to the KRG group were required to take 12 capsules of 500 mg KRG (Jeong Gwan Jang; Korea Ginseng Corporation, Daejeon, Korea) for a total of 6 g extract, three times a day, while those assigned to the placebo group took a corn starch capsules of the same quantity and shape placebo. Drugs for 2 wk were provided at a single visit, and subjects were asked to revisit every second week for a total of 8 wk. The subjects were required to return leftover drugs in the next visit, through which their compliance to the administration was checked. Over 80% compliance was taken as the target of per protocol (PP) analysis. During the study period, the subjects were not restricted with their caloric intake and were allowed to eat meals as usual. However, an extreme diet that might affect the results such as binge eating or fasting was prohibited, and subjects were asked to maintain their normal activities, but were prohibited from beginning new exercise.
Eff ectiveness and safety evaluation item
Before drug administration, blood pressure (BP), height, weight, waist circumference (WC), waist-hip ratio (WHR), total fat mass (FM), percentage of body fat (BF%), resting metabolic rate (RMR), basal body temperature, daily food intake (FI), blood test (serum lipid, liver function, and renal function), and a gene examination were conducted. As well, a questionnaire concerning the oriental medical obesity pattern differentiation and the Korean-style questionnaire on the quality of life (KOQOL) were completed by each subject. Each subject was required to revisit once every second week. At each visit, their BP, weight, WC, WHR, basal body temperature, and daily food intake were checked. Additionally, at weeks 4 and 8, FM, BF%, and RMR were checked. At the end of the study at week 8, a blood test was conducted and each subject again completed the KOQOL questionnaire.
Blood pressure, heart rate BP and pulse at the radial artery were measured after a more than 10 min rest upon every visit with a mercury sphygmomanometer while each subject was seated.
Anthropometric assessment
The height of each subject was measured once to the nearest 0.1 cm at the fi rst visit. Weight was measured to the nearest 0.1 kg unit every second week while each subject was minimally clothed. WC was measured with each subject in an upright posture at the mid-section between the lowest costal margin and the iliac crest (3 cm up of the anterior superior iliac spine), according to World Health Organization methodology. WC measurements were made by the same skilled measurer to verify intra-examiner-variability and the mean of three consecutive measurements was determined without pressing the skin at the end of exhalation using the same tapeline. For body mass index (BMI, kg/m 2 ), subjects were measured during each visit.
Bioelectrical impedance
Bioelectrical impedance was determined using Inbody 3.0 (Biospace, Seoul, Korea). Measurements were carried out at the first visit and at weeks 4 and 8. As the evaluation parameters, total fat and BF% were chosen.
Resting metabolic rate measurement
Using gas exchange measurement-type portable indirect calorimetry (MedGem; Healthtech, Golden, CO, USA), RMR was measured at the fi rst visit and at weeks 4 and 8. All measurements were done after a 30 min rest.
Blood test
To exclude liver, kidney, and metabolic diseases before the start of clinical trials, alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urine nitrogen (BUN), creatinine, glucose, total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were measured. ALT and AST results over 2.5 times the normal upper limit and creatinine value over 2.0 mg/dL were excluded and blood testing was carried out at week 8. Glucose and blood lipid tests were measured through an analysis of blood gathered after a 12-hour fast.
Basal body temperature
A mercury thermometer was distributed to the subjects, who were required to measure their armpit temperature for 10 min immediately after awakening. Each subject was phoned to enquire of the fi rst measurement on the morning of their fi rst clinic visit. Each reading was recorded by the skilled clinical research nurse. Temperature was measured again and recorded at the time of the fi rst visit.
Daily food intake
The amount of food intake the day preceding each clinic visit was checked by a 24-hour dietary recall method using the Computer Aided Nutritional analysis program, version 3.0, developed by The Korean Nutrition Society.
Gene analysis
DNA was separated from the peripheral venous blood http://ginsengres.org of each subject by a previously described method [13] . One milliliter of each blood sample was added to a 2 mL micro-tube and 25 µL of a solution of 1 mL NP-40 in TKM1 buffer was added to dissolve the blood cells. Following washing in TKM1 buffer and solution containing 160 µL TKM2 buffer and 10 µL 10% sodium dodecyl sulfate was added. Each sample was heated at 55 o C degree for 10 min and 6 M NaCl was added to precipitate protein. DNA was precipitated using 100% ethanol and washed with 70% ethanol. The extracted DNA was stored in Tris-EDTA buffer. Polymerase chain reaction (PCR) was conducted to amplify the GNB3, ADRB3, and ACE genes.
For GNB3 PCR, 30 ng of extracted DNA received SNP sense primer (5'-TGACCCACTTGCCACCC-GTGC-3') and SNP anti-sense primer (5'-GCAGCAG-CCAGGGCTGGC-3'), DNA polymerase, and PCR reaction buffer. The DNA was denaturated at 94°C for 10 min and PCR was carried out using the following conditions: 35 cycles at 94°C for 60 s, 60°C for 45 s, 72°C for 60 s, and, fi nally, 72°C for 10 min. Electrophoresis was done for 30 min using a dye crack reactor and the presence of an amplifi ed band was ascertained. Since the T allele is 268 bp and the C allele is 152 and 116 bps, if a band appeared at 152 and 116 bps, it was classified as C/C type; if it appeared at 152, 116, and 268 bps, it was classifi ed as the C/T type; and if it appeared at 268 bp, it was classifi ed as the T/T type.
For ADRB3 PCR, electrophoresis was performed for 30 min mixing with sense primer (5'-CGCCCAATAC-CGCCAACAC-3') and anti-sense primer (5'-CCAC-CAGGAGTCCCATCACC-3') and DNA polymerase PCR buffer with 30 ng of the extracted DNA. Following PCR as described above, the product was digested with Mval restriction enzyme. If, upon electrophoresis, an amplifi ed band was observed at 99 bp, it was classifi ed as the Trp64/Trp allele, while presence of a band at 161 bp indicated an Arg64/Arg allele; if the band appeared at 99 bp, it was classifi ed into Trp64/Trp type; if it appeared at 99 and 161 bps, it was classified as Trp64/ Argg type; if it appeared at 161 bp, it was classifi ed as Arg64/Arg type.
For ACE, using the separated DNA and ACE primer set (SNP sense primer: 5'-CTGGACAC-CACTCCCATCCTTTCT-3'; antisense primer: 5'-GAT-GTGGCCATCACATTCGTCAGA-3'), PCR was carried out. Following the 30 min electrophoresis, appearance of a band was ascertained. The D allele is 235 bp while for the I allele is 153 and 523 bp. Therefore, if the band appeared in 245 bp, it was classifi ed into the D/D type; if it appeared at 235, 153, and 523 bp, it was classifi ed as the D/I type; and if it appeared at 153 and 523 bp, it was classifi ed as the I/I type.
Korean-style questionnaire on the quality of life evaluation
Subjects completed the KOQOL questionnaire developed in 2003 at baseline and the end of the study [14] . The KOQOL evaluation questionnaire consists of 15 questions in six areas (mental and social health, physical health, job and domestic duty, daily life, sexual relations, and food), which are known to be relatively simple but highly reliable and accurate.
Statistical analyses
All statistical analyses were carried out using SAS ver. 9.1 (SAS Inc., Cary, NC, USA). Data represent mean±standard deviation. Statistical analysis was made by PP analysis. Student's t-test was carried out for the comparison of KRG and placebo group. A paired t-test was carried out for the comparison of values before and after the study. A p-value of less than 0.05 was considered statistically signifi cant.
RESULTS
Research process
Sixty nine volunteers were recruited. Of these, 12 could not be contacted and seven were excluded upon screening. The remaining 50 subjects were randomly processed, and 26 subjects were assigned to the KRG group and 24 subjects to the placebo group. During the 8-week trial, 4 subjects were dropped out from KRG group and one was dropped out from the placebo group. Twenty two subjects in the KRG group and 23 in the placebo group completed the study (Fig. 1) . Compliance with the study regimen by the subjects was 80%, so 45 subjects were selected for PP analysis.
Comparison of characteristics of both groups before administration
Waist-hip circumference ratio of the placebo group was significantly greater than that of the KRG group (p=0.0222), while ALT of the placebo group was significantly greater than that of KRG group (p=0.0154). No other signifi cant differences were evident between KRG and placebo groups (Table 2) .
Eff ects of Korean red ginseng on the improvement of obesity
After the trial, the weights of two subjects (9.09%) of the 22 in the KRG group were reduced over 5%, while none of the 23 placebo subjects displayed weight losses over 5%. The findings were not statistically significant (p=0.2333).
Notably, in the comparison between before and after the administration of KRG group, there were signifi cant improvements of obesity in the items of body weight (p=0.0045), BMI (p=0.0352), WHR (p=0.0312), daily FI (p=0.0100), and KOQOL (p=0.004). However, in the comparison between KRG Group and placebo group only KOQOL was signifi cantly different (Table 3) .
Comparison of obesity indices by gene polymorphism type
For 48 persons on whom gene analysis had been made among the total of 50 persons, to see if obesity indices before drug administration differs depending on gene polymorphism, they were divided into one with and without gene mutation and compared and analyzed. 
G protein beta 3
Six subjects were indicated to lack gene mutation (i.e., CC type), while 42 displayed a single mutation (39 CT type and three TT type). In the comparison between the two groups, subjects with gene mutation (CT+TT) displayed significantly higher BMI (p=0.027), BF% (p=0.001) and systolic BP (p=0.034) than subjects with no gene mutation (CC) ( Table 4) .
Beta 3 adrenergic receptor
Thirty three subjects were classifi ed as lacking ADRBr gene mutation (Trp64/Trp) while 15 subjects harbored a mutation (10 in Trp64/Arg and fi ve in Arg64/Arg). In the comparison between the two groups, subjects with gene mutation displayed significantly lower HDL than subjects lacking gene mutation (p=0.012) ( Table 5) .
Angiotensin I converting enzyme
Sixteen subjects lacked gene mutation (II), while 32 subjects did (22 in ID and 10 in DD). There was no significant difference in the comparison between the two groups (Table 6 ). Eff ects of Korean red ginseng on the improvement of obesity by gene polymorphism type The gene sample of one subject of the 22 in the KRG group who completed the clinical study was lost. So, the differences of obesity indices between before and after were analyzed for 21 subjects.
G protein beta 3
Of the 21 subjects, three were CC type without mutation, 17 were CT type with homogenous mutation, and one was TT type with heterogenic mutation. As a result of analysis of obesity indices before and after the ad- (Table 8) .
Angiotensin I converting enzyme Seven subjects were II type without mutation of the http://ginsengres.org 21 subjects, nine were ID type with heterogenic mutation and fi ve were DD type with homogenous mutation. KOQOL for the DD type showed statistically signifi cant effects on obesity improvement (p=0.0030), while in the II and ID types, only a decreasing tendency was detected. BST and AST were significantly reduced in II type (p=0.0227 and p=0.0218, respectively), while in the ID and DD types, only a decreasing tendency was detected (Table 9) .
Safety evaluation of Korean red ginseng
For the safety evaluation of KRG, blood tests on liver function and renal function were carried out before and after drug administration, and BP and heart rate were measured in every visit. In the blood tests for the evaluation of the liver and renal functions before and after KRG, AST was statistically significantly reduced (p=0.0033), while there was no significant difference in the rest, including BUN, creatinine, and ALT. Also, in the comparison with the placebo group, there was no signifi cant difference. In the comparison of BP and heart rate before and after KRG administration, there was no signifi cant difference between KRG group and placebo group (Table 10) . To check adverse event of KRG intake, an interview-style medical examination was carried out every second week. During the 8 week study, there were no adverse events in the KRG and placebo groups.
Confi rmation of the appropriateness of blind test for the subjects
To check the appropriateness of the blinding for the subjects after the clinical trials, a self-questionnaire was distributed to inquire on subjects' perceptions of whether they received KRG or placebo. As a result, 18 (81.8%) of the 22 subjects who completed the test and who had been assigned to KRG group responded that they thought that they had taken the KRG, while four (18.2%) responded that they thought that they had taken the placebo. Of the 23 subjects who had completed the test and who had been assigned to placebo group, 16 (69.6%) responded that they had taken the KRG while seven (30.4%) responded that they thought that they had taken placebo.
DISCUSSION
The effects of KRG on the improvements of obesity and abnormal metabolism have been proven in several studies. KRG extract injected in mice with obesity caused by high fat diet prevented weight increase and increases in and subcutaneous fat and adipocyte size [15] . KRG saponin administered to mice with obesity caused by high fat diet reduced body weight, diet intake, body fat, and serum leptin density and controlled expression of neuropeptide Y in the hypothalamus [10] . Clinical studies have reported administration of KRG complex significantly infl uences weight and body fat losses compared to placebo and increased beta-adrenergic activity [16] , that complex exercises and the injection of KRG complex reduces the percentage of body fat, weight, and serum lipid profi le of obese women in their 20s [14, 16] , and that the risk factors of obesity, hypertension, and arteriosclerosis are restrained in people who consume ginseng for a long time (about 4-5 yr) compared to those who had not [17] .
In this study, before and after administration, two subjects in the KRG group (9.09%) displayed >5% weight loss, while none of those in the placebo group displayed comparable weight loss. However, the difference was not statistically significant. In the KRG group, when obesity indices before and after drug administration were compared, weight, BMI, WHR, FI, KOQOL, and AST showed statistically significant decreases. However, except for KOQOL, there was no signifi cant difference from those of the placebo group. Thus, the effects of KRG on the improvement of obesity were confi rmed to some extent, although distinct effects on the improvement compared to placebo group were not confi rmed. The KOQOL evaluation is a method of evaluating the quality of life through a self-answered questionnaire consisting of 15 questions in six areas regarding mental and social health, physical health, job work and housekeeping, daily life, sexual relations, and food, which is known to be very reliable and relevant [14] . Unlike other indices of anthropometric assessment and blood test, since this quality of life evaluation is subjective, bias by placebo effects is very likely to occur. However, in the examination of the appropriateness of the blinding on the subject carried out after the test period in this study, it turned out to be maintained relatively well. Therefore, it can be interpreted that KRG is more effective for improving the secondary issues of the quality of life derived from obesity rather than has direct effects on the obesity-related anthropometric assessment and blood test indices.
However, existing studies on obesity related to KRG report significant effects on anthropometric assessment and blood test indices also. There are several reasons for the contradictory results in this study. The KRG powder capsule provided in this study was 500 mg, so consumption of a dose of 6 g required 12 capsules to be taken. This may have lowered compliance, lessening the effects of KRG on the improvement of obesity. However, as leftover drugs had to be returned, compliance could be checked. The compliance rate exceeded 80%. However, drug return was voluntary, so the actual compliance rate is unclear.
In the GNB3 gene, C825T gene polymorphism is related to obesity. The T allele of the GNB3 gene is associated with increased intra-cellular signal transduction and renin activity and has been implicated in diseases such as arterial hypertension and obesity [18] . Possession of the T allele increases the heart's stroke volume and renal flow, which greatly increases the prevalence rate of hypertension and cardiovascular diseases [19] . BMI 25 is 2 to 3 times higher in people with T allele than in the C allele [17] . Domestic studies include reports of signifi cant differences by GNB3 gene polymorphism in the improvements of Korean middle-aged women's weight, triglycerides, HDL, insulin and HOMA index by aerobic exercises [20] . In contrast, in one study, GNB3 polymorphism did not have anything significant to do with the BP, obesity indices, serum lipid profi le, and obesityrelated protein for Korean middle-aged women [21] .
This study confirmed that the BMI, BF%, and systolic BP pressure of subjects with GNB3 gene mutation (CT+TT) was signifi cantly higher than that without the mutation (CC). This result is consistent with previous studies, in which the T allele increased the risk of obesity [17] [18] [19] . In the CT type with heterogenous mutation, systolic BP was signifi cantly reduced by KRG, while in the mutation-free CC type there was no signifi cant change. Moreover, in the latter, compared to CT type, although food intake was much more signifi cantly reduced, there was a more significant change in the CT type for the above two items. Thus, the effects of KRG on the improvement of obesity were more pronounced for those whose energy metabolism was reduced by the presence of a GNB3 gene mutation.
The ADRB3 gene is expressed in fat tissues, which, in humans, mainly exists in brown fat tissues and in white adipose tissue after growth [22] . Its function has not been clearly proven yet. However, it is known to activate heat generation in the brown adipose tissue and to stimulate lipolysis in the white adipose tissue as a G proteinassociated receptor, and this energy controlling function is known to be related to obesity [23, 24] . If ADRB3 gene mutation is homogenous, there is low basal metabolism and high BMI, and it accelerates the age of onset of diabetes [25] . But, the phenotype of obesity differs depending on the race. In a study on Finnish men [26] and French men [27] ADRB3 gene polymorphism produced a signifi cant increase of the risk of obesity or metabolic diseases in heterogeneous mutation as well as homogenous mutation. However, in a study on Mexican Americans [28] , only homogenous mutation was associated with signifi cantly increased risks of obesity or metabolic diseases. In Korea, a comparison of middle-aged women's body constitution and serum lipid profile density after exercise treatment by ADRB3 gene polymorphism reported no signifi cant difference [29] , and in a comparative study on reactions to Orlistat drug administration by ADRB3 gene polymorphism mutation, weight, WC, and BMI tended to be reduced more than in non-mutation group, although the difference was statistically insiginificant [30] .
In this study, the group with heterogeneous mutation of the ADRB3 gene (Trp64/Arg) had signifi cantly lower HDL than that without mutation (Trp64/Trp), so the risk of metabolic diseases was increased when there was a gene mutation. However, the difference by genotype was not confi rmed in the rest of the obesity indices. Since other related studies [29, 30] have reported a lack of correlation between the mutation of ADRB3 gene and obesity response, it is conceivable that the association of ADRB3 gene polymorphism with obesity is weaker in Koreans than other races. Also, in this study, since there were only http://ginsengres.org five subjects with the Arg64/Arg type of homogenous mutation, the difference by gene polymorphism might not been apparent in the obesity indices.
The ACE gene product is secreted from endotheliocytes in the kidney. It converts angiotensin I to angiotensin II, and reduces the vasodilator bradykinin, which is related to the density of ACE enzyme that plays an important role in controlling of the homeostasis of circulatory functions. If serum ACE level increases, blood vessel is contracted. And that elevates BP and the risks of myocardial infraction. Consequently coronary artery disease increase. If the ACE gene is defi cient, the density of serum ACE level increases. It has been reported that people with II gene type display lower BP and higher endurance than people with DD gene type did, while the risk of cardiovascular diseases of those with DD gene type is increased [31] . Also, a study on type 2 diabetics in China reported that DD type was associated with higher triglycerides [32] and the serum ACE level of obese people was higher than that of those who were not [33] . The athletic ability of Koreans with the ACE gene type with the ID or DD mutation tends to be less and they are more likely to be obese [34] [35] [36] [37] . This study, unlike existing study results, was not able to confi rm the signifi cant relationship between the ACE gene polymorphism and the obesity indices. Since this study set obesity patients as the target of study, already all samples were acquired from an obese subject. Accordingly, it is supposed that there was no difference of phenotype by gene polymorphism. When the effects of KRG on the improvement of obesity were compared to ACE gene polymorphism, there were signifi cant effects on improvement by the evaluation on the KOQOL scale only in the DD type (homogeneous mutation), while a decreasing tendency only was found in the ID type (heterogeneous mutation) and the II type (without mutation). However, in the remainder of the obesity indices, it was not confi rmed that the treatment effects of KRG differed depending on gene polymorphism.
The safety of KRG has been documented in a variety of studies. Also, since in this study there was no significant change in the comparison of blood tests (AST, ALT, BUN, and creatinine) before and after KRG administration, and there was no report of special adverse event during the 8-week clinical trials, the safety of the administration of KRG of 18 g a day (three times, 6 g each) for 8 wk could be reconfi rmed.
A pharmacogenomic study tries to explain individual differences of drug reactions by genetic differences, of which importance has been relatively recently recognized and a fi eld in which active studies are in progress. Pharmacogenomic studies not only make it more effective individualized custom treatment possible, by understanding the differences of drug reactions according to the genetic characteristics of individuals, but also predict adverse events of the drugs, so that they will be able to used more safely. In addition, such studies can enhance the success rate and shorten the time required through effi cient clinical trials in developing new medicines. Also, through pharmacogenomic studies, the mechanisms of onset of some genetic diseases can be understood, so that they can be prevented. This study is also a kind of pharmacogenomic study, which tried to examine the differences of the effects of KRG on the improvement of obesity by gene mutation. This study has not clearly proved the differences in the effects of KRG on the improvement of obesity by gene. However, it has strengths of randomization, double blinding, and placebo control.
